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(54) METHOD AND APPARATUS FOR SINKING BOREHOLES 




(71) I, Paul Schmidt, a German 
citizen^ of Reinherstrasse, 5940 Lennestadt/ 
Saalhausen, West Gennany, do hereby 
declare the invention, for which I pray tihat 
5 a patent may be granted to me and the 
m^od by which it is to be performed* to 
be particularly described in and by the 
following statem^t: — 

This Invention relates to methods of and 
10 apparatus for smking bordioles in the 
ground, for example for ground anchors, 
soil grouting and injection, wdDi^sinking. or 
drainage. 

For the aforranentioned purposes, especi- 

15 ally for the installation of ground anchors, 
it has hitherto been the practice to use a 
drilling machine for sinking sted tubes into 
the ground, the leading steel tube being 
equipped with an annular cutting heat To 

20 dnil the borehole, the sted tube is driven 
by means of a rotating mechanism mounted 
on the drilling machine. Independentiy of the 
rotating medbanism, a string of pipes is 
operated inside the steel tube with water- 

25 flushing, which flushes the spoil drilled by 
the cutting head out of the top of the sunk 
casing formed by the tubes. This known 
method, which is used particularly in ground 
andior installation, is extr«mdy expensive, 

30 since not only is a heavy and complicated 
drilling machine equlpp^ with a rotating 
mechanism and flushing apparatus for the 
string of flushing pipes required, but also the 
flushed out spoS whidi may be soil or rock 

35 must be removed from the r^on of the 
dnlhiig machine. Li addition to this, a 
powemd water pump is necessary for the 
flushix^ 

The aim Ksi the preset invention is to 
40 provide a method <n shiking bordioles for 
ground andbtors or other purposes which is 
not only simple and convement to carry out 
but is also much less eiqy^i^ve than 
present drilling tedmiques. 
45 To this end. according to this invention^ 
such a metiiod comprises causing a disj[>lace- 
ment hammer to move downwards m the 
ground to displace the ground laterally to 
form the borehole, pulling a string of follow- 
50 up tubes into the borehole behind the ham- 
m^ as the hammer forms the bordiole* the 
tubes supporting the wall of the borehole. 



and withdrawing the hammer through the 
tubes leaving the tubes in place. 

The invention also consists in a method 
of sinking a borehole into the ground, the 
m^od comprising operating a pneumatic 
self-propelled percussion boring hammer, 
yMdh comprises a tubular housing having a 
p^ussion boring tool at its front end and 
containing a pneumatically-operated percus- 
sion mechanism which acts on the tool» to 
cause the hammer to move downwards in 
the ground and the tool to displace the 
groimd laterally to form the hoIe» pulling a 
string of follow-up tubes into the borehole 
behind the hammer as the hammer forms 
the borehole, the tubes supporting the wall 
of the bordiole, and withdrawing the. ham? 
mer throu^ the tubes leaving the tubes in 
place. 

A preferred device for carrying out the 
method consists of a sdf-propelled percus- 
sion boring hammer, which comprises a 
tubular housing having a percussion boring 
tool at its front end for displacmg the ^und 
laterally and containing a pneumatically- 
operated percussion meSianism which acts 
on the tool, a widening sleeve provided at 
the rear ^d of the housing to dffect a second 
stage of the lateral displacem^t of the 
ground, a raially projecting annular flange 
fixed to the rear end of the housing, an 
internal annular rebate in the sleeve f ormmg 
a dioulder against which the flange engages 
to move the sleeve forward with £e housing 
and means for coni^ding a follow-up tube 
to the sleeve^ the internal dhmeter of the 
deeve behind die shoulder bdng such that 
tibte houdng and the . flange can be viifh* 
drawn through the sleeve. 

Thus, initudly a pre-displac«nent of the 
sofl is carried out ny the percussion tool 
and then a furth^ displacemoit of the soil 
is carried, out by the succeeding wideniii^ 
deeve. It is preferred that the wi^mng 
sleeve be constructed over at least a portion 
of its length as a cone; in order that the 
displacmrat operation shall take place as 
smoothly as possible. 

A seating may be disposed at the rearward 
^d of the widening sleeve. This seating 
forms the means for the detadiaUe fixing 
of at least one follow-up tube^ liavinig an 
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external diameter slightly smaller than the 
diameter of the borehole, that is smaller 
than the maximmn external diameter of the 
widening sleeve. 

5 The seating can here be fonned as a 
screw thread, by which the follow-up tube. 
vfhich also, of course then has a screw 
thread at one «id. is sorewed on,. In this 
anaogemrat* the screw thread of the widen- 
10 mg sleeve is preferably internal and the 
adjacent thread of the follow-up tube is 
external. 

Usually, several follow-up tubes are con- 
connected together to form a string of tubes. 

15 Each follow-up tube is thai provided at its 
end remote from the end having the external 
thread, mUx an internal thread for attadi- 
ment of the next succeeding follow-up tube. 
Altemativdy Oie follow-up tube or tubes 

20 may be of plastics material and be con- 
nected to one another by an adhesive* In 
this case^ tfie follow-up tubes are fixed 
tpgrthcr by a sleeve whidi preferably sur- 
rounds two follow-i^ tubes at tiiear juno- 

25 tion and is fixed to both by fh& adhesive. 
This results, firstly in a good connection 
between adjac^t follow-up tubes and 
secondly in reduced wall fnction between 
the outside surfaces of the follow-up tubes 

30 and the borehole. A contribution to this 
effect arises from the feet that the external 
diameter of the widening sleeve is preferably 
slightly greater flian the external diameter of 
the follow-up tubes. 

35 The mternal diameter of the follow-up 
tubes is pr^erably a litde larger than the 
external diamet^ of the annul^ flange. As 
a result, it is possible in a very ample 
manner, after the bordiole has been formed, 

40 for the displacement hammw* to be with- 
drawn from the bordiole within the protec- 
tion of the follow-up tubes. For this purpose, 
a pulling rope, serving for pulling the dis- 
placement hammer out of the borehole, is 

45 secured in the annular flange, which may 
be formed on a cap. 

Two examines of methods and of ham- 
mers in accordance with the inveaation will 
now be described with reference to the 

50 accompanying drawings^ in whidi: — 

Figure 1 is an exploded side view of a 
displacement hammer with a follow-up tube; 

Figure 2 is a side view of the displacem^ 
hammer with the follow-up tube screwed 

55 on, in a bordiole; 

Figure 3 is a view sunilar to Figure 2, 
but showing the hammer partially withdrawn 
from the borehole; 
Figure 4 diows the bordiole after with- 

tO drawal of the hammer filled with a 
hardenmg material, the foUow-up tube still 
being situated m the upper part of the bore- 
hole; 

Figure 5 shows a second example of a 
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displacement hammer with different follow- 
up tubes; and. 

Figure 6 diows a bordiole with the dis- 
placement hanamer of Figure 5 partially 
withdrawn wifliin the follow-up tubes. 

A pneumatically-operated self-propelled 
displacement hanuner 1 includes a substan- 
tiaUy cylindrical housing 2 containing a 
percussion mechanism and having disposed 
at Its forward md a conical percussion tool 
4 having cutting edges 3, a chisel 5 being 
mserted mto this percussion tool. At the 
rear end of the housmg 2 is an annular 
flange 6. This is disposed on a cap screwed 
mto the housmg 2 of the displacement ham- 
mer 1. The external diameter of that part of 
toe annular flange 6 which projects out of 
ae housmg 2 is greater than the external 
diameter of the cylindrical housing 2. At 
Its rear «id, the housLpg 2 is surrounded by 
a partially externally conical widening sleeve 
7, whidi has an annular rebate 8 forming an 
^utm^t Aoulder 9, wtich bears against 
the annular flai^e 6. The diameter of the 
annular rebate 8 is sligjhtly greater than the 
^mal diameter of the annular flange 6. so 
mat the widening sleeve 7 can be pushed 
from the front end of the hammer over the 
housjng 2 as far as the rear end of the 
housmg 2, and suflSdently far for the abut- 
ment shoulder 9 to come into engag^ent 
with tiie aimular flange 6. 

At its end remote, from the housing 2. 
toe widenmg sleeve 7 has an internal screw 
toread 11, mto which a follow-up tube 13 
having an external thread 12 is screwed. 100 
Ihe foflow-up tube 13, having a length for 
example of 2ni,is, m the example of Figures 
1 to 4. of sted and possesses, at its end 
remote from tiie external thread 12. an 
mternal thread 14 for the connection of 105 
nirther fdlow-im tubes or a plug 15, which 
has a bore 16. The external diameter of the 
widening sleeve 7 is slightly greater than toe 
es^smaldiam^r of toe foflow-up tube or 
tubes 13. The internal diameter of toe 110 
fQUow-up tube or tubes 13 is slightly greater 
than the external diam^r of toe annular 
flange 6. hi the region of toe abutm^ 
^oulder 9, there is a sealing ring 10, between 
the widening sleeve 7 and toe housing 2, to 115 
prevent the ingress of water. 

As can be se^ from Figure 2, toe external 
diam^er of toe follow-up tube 13 is sliditly 
smaller toan toe diameter of a bordiole 17, 
produced by toe displac^ent hammer 1. 120 

In Figure % the displacement hammer 1 
^shown hi the lower part of toe borehole 
17. In toe annular flange 6, there is a rope 
pocket 18 for the attachment of a pulling 
rope 19, which leads to a pufling apparatus, 125 
not shown, by means of whidi toe displace- 
mcait hammer 1, after toe bordiole 17 has 
be«i formed, can be pulled back again to 
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the ground surface tfaioudi the follow-up 
tube 13. 

In Kgure 3, the displacement hammer 1 
is shown in a raised position within the 
5 borehole 17 into which it is moved by means 
of the pulling rope 19 and actuation of the 
pulling s^paratus. 

In order to form the bordiole 17 by the 
method of this invention, first of all the 

10 widening sleeve 7 is pushed on to the hous- 
ing 2 of the displacement hammer 1 from 
the front until its abuts against the annular 
flange 6. A folIow>up tube 13 is screwed 
into the screw thread 11 of the widening 

15 sleeve 7 and then the entire device is set 
on the ground at Ae desued location. By 
operating the dlsplac^^t hammer 1 by 
means of compressed air, the hanuner then 
drives itself to the ground and pulls the 

20 follow-up tube 13 after it In this way the 
bordiole 17 is produced, as ^own in Figure 
2, the pulMng rope 19. which is attached to 
the annular flange 6, following loosdy 
behmd. When the desired dqpth of the bore- 

25 hole 17 has be^ reached, me pulling rope 
19 is tightened by the pulling apparatus, not 
^own, as illustrated in Figure 3 and thus 
the displacement hammer 1 is pulled up- 
wards inside the follow-up tube 13. This 

30 can be done even more easily if the displace- 
ment hammer possesses a reverse control, 
by means of vMch it is possible to reverse 
the direction of its own driving movement 
As shown in Hgure 4, the bordiole 17 is 

35 used for the formation of a ground anchor. 
For this purpose, the bordiole 17 is Med 
with a hardening material 21, for example 
concn^. For this purpose, the plug 15, 
situated at the upper end of the follow-up 

40 tube 13. is fitted with a connection pipe 22, 
whidi leads to a grout pump, not sbown» 
by whidi concrete is introduced into the 
borehole 17. An anchor bar 23 is then 
inserted into the concrete 21 forming tfie 

45 ground andior. Hie follow-up tube 13 can 
be recovered b^ore or during the grouting, 
by means of conventional wilHdrawal equip- 
ment 

If the bordiole 17 is to serve for the 

50 injection of grout into the ground, thai the 
bordiole 17 Is filled soldy w&i the hardening 
niat^&l, for example cement grout, without 
the andior bar bemg mserted. 
In the example illustrated in Figures 5 and 

55 6, two follow-up tubes 13 are coimected 
together. In this case, the follow-up tubes 
13 are of plastics material. The use of 
plastics tubes as follow-up tubes 13 is to be 
recommended in those cases in which the 

60 borehole 17 is to be utilised for well con- 
struction or drainage purposes, since in these 
cases the follow-up tubes do not need to be 
recovered but ranam in the bordiole 17. At 
thdr junctions 25» the follow-up tubes 13 

65 are fixed to one another by a steeve 26, 



whidi is somewhat larger in its external 
diameter than the external diameter of the 
follow-up tubes 13 and is fixed by an 
adhesive to the tubes. In the displacement 
hammer 1, furthermore, an annular flange 70 
6 formed as a cap and having a rope pocket 
18 for flie attadiment of the pulling rope 19. 
is provided. The pulling rope is conducted 
out of the uppermost follow-up tube 13 
and passes througji a damping device 27. 75 
which rests in a holding piece 28 in the 
uppermost follow-up tube 13. As can be se^ 
from Figure 5. the lower end of the follow- 
up tube 13 which is adjacent the displace- 
m^t hammer 1 is seated betwe^ the annu- 80 
lar flange 6 and the widening sleeve 7, which 
in this case is furnished with a rearwardly 
ext^dmg cylindrical extension 29. The con- 
nection between the di^lacement hammer 
1 and the follow-up tube 13 is maintained 85 
by the pulling rope 19 bdng hdd firmly 
damped in the damping device 27. 

Bordioles can be sunk in a very simple 
manner with die hammer and method in 
accordance with the invention, without die 90 
need for very ccmpScated boring apparatus. 

WHAT I CLAIM IS:— 

1. A method of sinking a borehole into 
the ground, the mediod comprising causing 95 
a displacement harnm^ to move downwards 

in the ground to displace the ground later- 
ally to form the borehole; pulling a string 
of follow-up tubes mto the borehole bdiind 
the hammer as the hammer forms the bore- 100 
hole; the tubes supporting ^e wall of the 
bor^ole^ and withdrawing the hammer 
tfarougjh the tubes leaving the tubes in place. 

2. A method of dnUng a bordiole into 
the ground, the method comprismg operat- 105 
ing a pneumatic self-propdled percussion 
boring hammer, which comprises a tubular 
housing having a percussion boring tool at 

its front end and containing a pneumatiostlly- 
operated p^cussion medianism whidh acts 110 
on the tool, to cause the hammer to move 
downwards in the ground and the tool to 
displace fiie ground laterally to form the 
hole, pulling a string of f dllow-up tubes into 
the bordiole bdiind the hammer as the ham- 115 
mer forms die bordiole, the tubes supporting 
the wan of the bordiole, and wididrawing 
the hammer through the tubes leaWng die 
tubes in {dace. 

3. A method according to daim 1 or 120 
daim 2, in yMdi die borehole is filled with 

a hardemng matmal after withdrawal of 
the hammer. 

4. A sdf-propefled percussion boring 
hammer which comprises a tubular housing 125 
having a percussion boring tool at its front 
^d and containing a pneumatically-operated 
percussion mechanism which acts on die 
tool, when used in a method in accordance 
wifli any one of dauns 1 to 3. 130 
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5. A pneumatic seU-propdled percussion 
bonng hamm^ for use in a method in 
accordance with daim J, the hammer com- 
pri^ng a tubular housing having a percussion 

5 boring tool at its front end for displacing 
the ground laterally and containing a pneu- 
matically-operated percussion mechanism 
which acts on the tool, a widening sleeve 
provided at the rear end of the housing to 

10 effect a second stage of the lateral displace- 
mont of the ground, a radially projecting 
annidar flange fixed to the rear end of the 
housing, an internal annular rebate in the 
deeve forming a shoulder against \s1uch the 

15 flange engages to move the sleeve forward 
with the housing and means for connecting 
a follow-up tube to the sleeve, the internal 
diameter of the sleeve bdiind the shoulder 
bdng such that the housing and the flange 

20 can be withdrawn throutgji the deeve. 

6. A hammer accoidinf to dafan 5» in 
whidi the widening sleeve has a conical ex- 
ternal surface; 

7. A luumner according to daim 5 or 
25 d^na 6. in whidi fte means for connecting 

a^ follow-up tube comprises a seating pro- 
vided in the rear end of the ^doung sleeve. 

A hammer according to daim 7, in 
^di the seating is forced as a screw thread 

30 for lecdving a screw-threaded end of die 
follow-up tube. 

9. A hammer according to claim 8. in 
which the saew thread of the widening 
sleeve is internal . 

35 10, A hammer according to any one of 
claims 7 to 9, in combination with a plurality 
of follow-up tubes which are connected to 
each other and the front one of which is 
connected to the sleeve. 

40 11. A hammer according to claim 10, in 
whidi the follow-up tubes are of plastics 
material and are coimected to each other by 



connecting sleeves fixed to the tubes with 
adhesive. 

12. A hammer according to claim 11» 45 
In whidi the connecting sleeves sunonnd 
the foUow-up tubes. 

13. A hammer according to any one of 
claims 10 to 12, in wMdi the external 
diameter of the widenmg sleeve is laxgcr 50 
than the external diameter of the follow-up 
tubes. 

14. A hammer according to any one of 
claims 10 to 13. in whidi the internal 
diameter of the follow-up tubes is larger 55 
than the external diameter of the annular 
flange. 

15* A hammer according to any one of 
daims 5 to 14. in whidi the annular flange 
is disposed on a cap v^di is screwed into 60 
the rear end of the housmg. 

16. A hammer accordmg to daim 15, 
in ^ch the cap has a podcet for recdvtog 
a rope attadmient 

17. A hammer according to dahn 16, 65 
in combination with a rope attadied to the 
cap, the rope passing throu^ a damping 
device at the rear ead of one of the fdlow- 

up tubes. 

18. A hanmer according to any one of 70 
daims 10 to 17, in which a plug is sorewed 
into the rear ^d of a follow-up tube. 

19. A hammer according to daim 18, in 
whidi the plug has a pipe for the injection 

of grout connected to it 75 

20. A method according to daim 2, sub- 
stantially as described with rkerence to 
Figured 1 to 4 or Figures 5 and 6 of Oie 
accompanying drawings. 

For die Applicant: 
GILL, JENNINGS & EVERY, 
Cliartered Patent Agents, 
53/64 Chancery L^e, 
London, WC2A IHN. 
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